I. The deposition of fat and protein and the utilization of energy by growing rats offered diets ad lib. or in controlled amounts by gastric intubation has been investigated. Diets contained 50, 75, IOO or zoo g protein/kg, mainly as casein.
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'meal-eating' pattern, consuming the whole of their daily ration in less than 2 h and in some instances as little as 15 min. I n contrast, animals given low-protein diets were adequately supplied with food at all times and maintained a normal 'nibbling' pattern. This observation has subsequently been corroborated (Loveless, Williams & Heaton, 1972; Pocknee & Heaton, 1974) .
It is known that 'meal-eating' as opposed to 'nibbling' results in a greater accumulation of fat and retention of energy when rats are given normal diets in isoenergetic amounts (Cohn, Joseph & Shrago, 1957; Tepperman & Tepperman, 195S, 1964 ; Fabry & Braun, 1967) . It therefore seemed that the results obtained by Hogan & Pilcher (1933) and by later workers could be attributed to an increased efficiency of energy utilization on normal diets due to a change in feeding pattern, rather than to a decreased efficiency associated with the protein-deficient diets, as had been previously assumed.
T o test this hypothesis rats were given low-or normal-protein diets, in isoenergetic amounts, by gastric intubation, to eliminate differences in feeding pattern, or were offered the same diets ad lib.
E X P E R I M E N T A L
Two experiments were done. I n Expt I animals were tube-fed three times daily for either 7 or 14 d. In Expt 2 most of the animals were tube-fed but to compare the effect of 'meal-eating' as opposed to 'nibbling' two groups had continuous access to food. The experimental period was 7 d.
Animals
The rats used were of the Hooded Lister strain, from a highly inbred colony. The young were suckled in litters of eight, weaned at 21 d, and only males were retained for experiments. These were transferred to a room maintained at $3 f I' and during the pre-experimental period they were kept in groups and offered a diet containing 190 g protein/kg (Table I , diet I). During the experiment tube-fed animals were caged in groups of two or three and the ad lib.-fed animals were caged individually.
Diets and measurement of food intake The composition of the diets is outlined in Table I . Diets I, 3 and 4 were used in Expt I and diets I , 2 and 4 in Expt 2. For tube-feeding the diets were mixed to a slurry with water immediately before each feed. The dry-matter (DM) content of all diets was approximately 0.7 g/ml of slurry. At each feed random samples were taken for DM determinations, using the same method of dispensing the samples as in the actual tube-feeding operation.
The rats fed ad lib. were offered the food in powder form. Circular food-pots of 50 mm diameter and 25 mm depth were used. The food was packed firmly into the pot. When the rats were fed in this way from weaning, food spillage was minimal. Sufficient food was offered to ensure that they had continuous access and the foodpots were weighed and replenished each morning.
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In Expt I the rats were housed in cages with wire-mesh floors. Each cage was suspended over a large evaporating-dish covered with fine nylon gauze. Faeces were held on the gauze and the urine was collected in the dish, which contained di1ut.e sulphuric acid. Collections were made over 5 d periods. Samples of diet and of dried faeces and urine were ignited in an adiabatic bomb calorimeter.
In Expt 2 the rats were housed in cages with wire mesh floors and faeces and urine were collected on blotting-paper. Faeces only were collected for energy determinations and the amount of ME was calculated using factors for urine energy derived from the results of Expt I . In the instance of the ad lib.-fed animals, spilt food was separated from the faeces each day using a domestic sieve. At the end of the experiment the paper was impregnated with dried urine and food which had dissolved in the urine (McCracken, 1 9 6 8~) .
The weight of dissolved food was estimated from the initial and final weight of the paper by making a correction for the weight of dried urine. T h e intake of ME was again calculated by subtracting a value for urine energy (McCracken, 1968 a ) from the digested energy intake.
Analysis of the carcasses
Because studies of liver enzyme levels were done using some of the animals, all tube-fed rats were fed for the last time on the morning of the 8th or 15th day, I h before they were due to be killed. They were weighed before and after they were killed. T h e liver and intestinal tract were removed immediately and gut contents were discarded. The stomach and intestines were returned to the carcass, which was again weighed. Carcasses were individually analysed. They were homogenized using the method of Hartsook & Hershberger (1963) and samples were taken for determination of D M and protein contents. Fat content and gross energy were determined on the dry material. Protein content was determined by the Kjeldahl method using mercury as the catalyst, fat content was determined by extraction with light petroleum (b.p. 40-60") in a Soxhlet apparatus and gross energy was determined using an adiabatic bomb calorimeter, Liver protein content was determined using a micro-Kjeldahl procedure and liver lipid content by the method of the British Standards Institution
Experimental design Expt I . Thirty rats, aged 28 d and weighing approximately 45 g, were separated into six groups (Table 2 ). They were all tube-fed with diet I in increasing amounts over a 3 d acclimatization period, and then placed on the experimental treatments at 31 d of age. They were fed three times daily, at 01.00, 09.00 and 17.00 hours. The treatments imposed were high energy intake (6 g DM/d) or low energy intake (4 g DM/d) and high-protein (zoo g/kg) or low-protein (75 or 50 g/kg) diets. The rats in groups I and 2 provided a comparison of the effect of protein on energy utilization at an energy level close to the ad lib. intake of normal rats weighing 50 g. Those in groups z and 3 provided a measure of the effect of energy intake at a constant low level of protein intake. Those in groups 4 and 5 were intended to provide a comparison of the effect of protein level on energy utilization when energy intake was just above that required to maintain body-weight.
Expt 2 . Seventy-eight rats, aged 28 d and weighing approximately 45 g, were separated into thirteen groups (Table 3 ) . Ten groups were tube-fed with diet I for aVOl. 33 * For details, see Table I .
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DM/d). Of the two remaining groups, one was offered diet 2 ad lib. and the other diet 4 ad lib. Because of the time involved in tube-feeding, the experiment was conducted in two parts, three animals per group being used in each block.
R E S U L T S

Expt I
The digestibility of dietary energy was higher for diet I than for the two lowprotein diets (diets 3 and 4) ( Table 4 ). However, this difference was offset by the higher excretion of energy in the urine of rats given the high-protein diet. The ME contents of the three diets, expressed as a proportion of gross energy, were not significantly different and averaged 0.941. The ME content, on a DM basis, ranged from 18.36 kJ/g for diet I to 17-92 kJ/g for diet 4. Thus for all practical purposes the diets used were isoenergetic.
T h e growth rates of the different groups are shown in Fig. I . At the same energy intake rats given the higher level of protein grew more quickly. During the 7 d experimental period the rats in group I gained weight steadily at a rate similar to that reached by rats in the colony given stock diet ad lib., and reached a final body-weight of 77 g compared to 64 g for the rats in group 2. I n the instance of the rats on the low-energy treatments those in group 4 reached a final average weight of 70 g at the end of the 14 d experimental period compared to only 62 g for the rats in group 5. Table 5 shows that the large differences in live-weight gain (26.7 or 9-4g in rats with the high energy intake (groups I and 2) and 17.8 or 9.0 g with the low energy intake (groups 4 and 5 ) ) were largely the result of changes in body water. For the animals fed on the low-protein diets at the high (group 2) and low (groups 3 and 5 ) levels of energy intake, 77-2 and 50.0% respectively of the live-weight gain was as DM compared to 35.6 and 27.1% for the animals on the high-protein diet (groups I and 4). These differences were correlated with changes in the proportion of fat and protein in the gain. T h e rats in group I gained significantly more protein (P < 0.001) and significantly less fat (P < 0.01) than those in group 2. Rats in group 4 deposited significantly more protein (P < 0-001) than those in group 5. However, they were in negative fat balance whereas those in group 5 gained fat and the difference was sighttps://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19750030 * For details, see Table I. nificant ( P < 0.001). As a result there was no significant difference in D M gain between groups 4 and 5 , although group I showed a significant increase in DM ( P < 0.01) compared to group 2 . The third comparison which can be made is between groups 2 and 3, where intakes of protein were similar but group 2 had a higher energy intake. There was no significant difference in gain of protein but highly significant differences (P < 0.001) in gain of body fat, DM and body-weight.
T h e results for energy retention and calculated daily heat production are summarized in Table 6 . Although intakes of M E in groups I and 4 were slightly higher than those of groups z and 5 there were no significant differences in energy gain. However, daily heat production was significantly higher ( P < 0.05) on the two highprotein treatments in comparison with the pair-fed, low-protein treatments, the differences being approximately 10%. The effect of energy intake on heat production was clearly demonstrated by groups 2 and 3. I n order to eliminate the effect of bodyweight on the comparison of heat production between groups the results were also calculated on a body-weight basis. When expressed on this basis there was no significant difference in the heat production of groups given the same energy intake.
Expt 2
The results are summarized in Tables 7 and 8. T h e values for the nine groups of tube-fed rats were analysed as a 3 x 3 factorial design using the analysis of variance technique. Protein level and energy intake exerted highly significant effects ( P < 0.001) on gain of carcass weight, DM, fat and protein ( Table 7) . There was a significant interaction ( P < O.OOI) of protein and energy on carcass gain, the effect of protein level being greater at the higher levels of energy intake. Gain of body protein and DM were also significantly affected (P < 0.01) by a similar protein-energy interaction.
As in Expt I there was no effect of protein on DM gain at the low level of energy intake but a significant increase in DM gain with increased protein level at the higher levels of energy intake. Fat deposition was negatively correlated with increasing dietary protein level and, in agreement with the results of Expt I , a negative fat balance occurred with the low-energy, high-protein treatment (group 3).
Striking differences were observed in the body composition of the two pairs of groups used for comparison of tube-feeding and ad lib. feeding. With the low-protein diet the tube-fed rats gained significantly more weight ( P < 0.01) and more fat and DM ( P < 0.001) than their ad lib.-fed counterparts on an isoenergetic intake. There was no significant difference in gain of protein. On the medium-protein diet, the ad lib. group had a higher energy intake than the tube-fed group on the high energy intake ( Table 8 ) and this complicated the comparison. There was no significant difference in gain of carcass weight or DM. However, gain of body fat was significantly higher ( P < 0.01) and gain of protein significantly lower ( P < 0.001) for the tube-fed group. Table 8 summarizes the intake, retention and expenditure of energy of the eleven groups. The daily intake of energy on the low-intake treatments (groups 1-3) was lower than in Expt I. The medium-intake treatments (groups 4-6) correspond to the high-intake treatments in Expt I and the high-intake treatments (groups 7-9) had z5-30% higher intakes, Analysis of variance of the results for the nine tube-fed groups using a 3 x 3 factorial design indicated that dietary protein level had no significant effect on energy retention though, predictably, the latter was significantly affected by energy intake. A significant ( P < o'cs) protein-energy interaction existed for energy retention, which was lowest with the high-protein diet at the low level of intake and with the low-protein diet at the high level of intake. The values agreed closely with the results of Expt I . The lack of a significant effect of protein on daily heat production was not entirely in agreement with the results of Expt I, but once again there was a trend of increasing heat production with increased protein level which exceeded 10 yo on the low-energy-intake treatments.
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When heat production was expressed per unit body-weight, there was a significant (P < 0.05) increase with the low level of dietary protein. Although the protein-energy interaction failed to reach statistical significance, there were no differences between the values obtained at the low level of energy intake and these were in close agreement with the results of Expt I . There was an apparent trend for the differences to increase as the level of energy intake increased. However, when heat production was expressed on a basis of dry weight to take account of the large differences in body water, protein had no significant effect and there was no protein-energy interaction on heat production.
The differences in energy retention and expenditure between tube-fed rats and their ad lib.-fed counterparts are of major importance. With the low-protein diet, where average intakes of ME were identical, the energy retention of the ad lib.-fed group was 30% lower, the difference being highly significant ( P < 0.001). With the mediumprotein diet the energy retention of the ad lib.-fed group was significantly ( P < 0.05) lower than that of their tube-fed counterparts, although energy intake was higher.
Daily heat production of both ad lib.-fed groups was significantly (P < 0.001) higher than that of the tube-fed groups irrespective of the basis of comparison used.
D I S C U S S I O N
T h e results for the 'meal-fed' and ad lib. groups in Expt 2 agree entirely with previous observations using normal diets (Cohn et al. 1957; Fabry & Braun, 1967) , and support the hypothesis on which the experiments were based. The large increases in body fat with the 'meal-fed' regimens also provide support in vivo for the results of Beaton, Feleki, Szlavko & Stevenson (1964) who found that the ability of isolated adipose tissue slices to incorporate [14C]acetate into fatty acids was increased to a similar degree by meal-feeding diets containing casein at levels of 50 or 200 g/kg. The results for 'meal-fed' animals at each level of feeding indicate an absolute increase in fat deposition with decreasing protein level. This agrees with the observation of Leveille (1967) , that incorporation of [U-14C]glucose and ['4C]leucine into fatty acid and triglyceride was enhanced with low-protein diets.
T h e results for energy retention and heat production in both experiments are clearly contrary to those of all previous ' pair-feeding ' experiments where intake was not controlled, including those of the author (McCracken, 1968~) . It would therefore appear that the factor mainly responsible for the previously reported differences is the pattern of intake. Indeed the results of Expt I would suggest that this was the sole factor. However the results of Expt 2 are not as clear, depending on the basis of comparison used. Although the same conclusion may be drawn as in Expt I when total heat production is considered, it could be argued that a comparison on the basis of 'equalized' body-weight would be more valid, since the maintenance component is generally regarded as being related to some function of live weight. Using this approach, a conflict arises between the results of the two experiments at higher levels of energy intake.
There is, however, a third possible basis for comparison. It is clear from the results presented that most of the difference in live weight between animals on the same level of energy intake was accounted for by changes in body water. Under these circumstances it is doubtful whether a single function of live weight would be applicable to all protein treatments and therefore the results were also compared on the basis of carcass DM. It is clearly impossible to say which method of comparison is the most valid. Nevertheless it should be noted that at the low level of energy intake, when differences in body-weight and carcass composition were less pronounced, the heat production of the rats on the low-protein treatment was at least as low as that of those on the normal diet.
The results at the higher levels of intake may either be interpreted as proof that protein level has no effect when pattern of intake is controlled by gastric intubation or, in Expt 2, as an indication that some difference remains to be accounted for. It is worth noting that in Expt 2, the intake of the rats in group 7 was 25 % higher than that of the corresponding ad lib.-fed group.
It is also possible to make comparisons in the instance of two pairs of groups in Expt 2 which correspond to a 'paired-gain' situation. Table 9 shows that in both instances the animals on the low-protein diet required more energy to maintain the same rate of body-weight gain. However, this was due to large differences in the composition and energy value of the gain, as shown by the higher carcass DM, and not to any difference in utilization of energy. I n both instances the extra energy ingested by the low-protein, 'paired-gain' group was converted to body gain with an efficiency of approximately 0.70. This contrasts with the results of Miller & Payne (1962) and McCracken (1968a), who found that less than 40% of the extra energy ingested by the low-protein, 'paired-gain' group was converted to body tissue when the pattern of intake was not controlled.
I n both the above-mentioned experiments the rats given restricted amounts of the normal diet were slightly in negative energy balance. It is possible therefore to compute the requirement for maintenance of energy equilibrium. It would seem, therefore, that the requirement for maintenance of energy equilibrium in the young rat is unaffected by dietary protein level when the pattern of intake is controlled by gastric intubation and that the results obtained by this method are in close agreement with those obtained when rats consume their daily ration in a restricted time.
Only two reports are known to the author of experiments where the energy retention of rats given diets of different protein level was measured under conditions of controlled pattern of intake. The first (Stock, 1972) relates to a 'paired-gain' situation with either no feeding pattern imposed or one 2 h meal/d. The results obtained in the former instance agree with those of Miller & Payne (1962) and McCracken ( 1 9 6 8~) . However, contrary to the results presented above, he found that when the feeding pattern was controlled, differences still existed between the low-protein and highprotein groups. This conflict cannot be clearly resolved. However, it is worth noting that the values obtained on the normal-protein diet with no feeding pattern imposed and on the low-protein diet with rats given one 2 h meal/d are similar to those of the author. Only the value for the rats given the normal diet in one 2 h meal/d appears anomalous in that the requirement for weight maintenance, corresponding to 336 kJ/W0.75, is unusually low. Since the experiment was not replicated the validity of this single result is an open question. The other report relates to a 'pair-feeding' situation and is of particular interest because the control was accidental. Johnson, Hogan & Ashworth (1936) did a very careful series of experiments using diets containing 80 and 250 g proteinlkg. They found that more fat and less protein were deposited by the animals consuming the low-protein diet but that there was no difference in the energy retention or heat production of the groups compared, Although their results have been ignored and even misquoted by later workers they assume a new significance in the light of the present findings. Johnson et al. (1936) did not feed the protein-restricted animals ad lib. because they found that excessive spillage could be avoided by providing access to the food for only a few hours/d. Thus they unwittingly minimized differences in pattern of intake and obtained results which differed from those of Forbes et al. (1935) and later workers but which agree completely with those presented in this paper.
Most studies on the effect of dietary deficiencies on the energy metabolism of the rat have used the 'pair-feeding' technique (Kleiber, 1945) . The present results are of fundamental importance to the interpretation of much of the published information since in general the pattern of intake was not controlled. There is clearly a need for a reappraisal of the effect of dietary deficiencies on energy metabolism under conditions of controlled intake. Gastric intubation appears to be a satisfactory means of
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